INTRODUCTION
Natural feeding of Mugilidae has been dealt with in numerous papers. In contrast, artificial feeding has, apparently, rarely been attempted, even in countries which operate intensive farms of these commercially important teleost fishes. It appeared to us that knowledge of the optimum nutritional conditions obtained by use of artificial, chemically defined, diets might contribute to a better understanding of the trophic ecology of these fishes whi& are widely distributed throughout the world.
All experiments, which are briefly described here, have been carried out on adult individuals of MugiI auratus and M. capito captured along the shore near Marseilles and kept in tanks of different sizes. The fishes were offered food of varied composition (Tables 1 and 2 ) every morning, except on Sunday; the food was granulated at low temperatures (maximum 400 C). Any refuse was recovered by sucking it up and straining it over glass wool; it was then desiccated for 24 h at 110 ° C and weighed. We shall first consider the importance of the origin of the food nitrogen and of the size of the daily food ration. Thereafter we shall assess the influence of the nonnitrogenous remnants and of salts (in food and ambient water), and finally evaluate growth rates and efficiencies of energy turnover.
RESULTS
I m p o r t a n c e o f t h e o r i g i n o f f o o d n i t r o g e n A study has been undertaken of the nutrition of 3 groups of mugilid fishes composed of young individuals of average standard lengths of (a) 21 mm (average wet weight 200 rag); (b) 36 mm (average wet weight 800 rag) and (c) 5 to 15 cm (average wet weight 3 ~ 10 g).
A preliminary field study of stomach contents revealed that a change occurs in the diet of very young (4-5 months old) individuals.
Stomach contents of fish of standard lengths of 15 to 40 mm, were composed mainly of remains of little Crustacea (Copepoda, Amphipoda) and of Nematoda, indicating an essentially carnivorous diet. Stomach contents of fish of larger size were composed of Diatomea, plant fragments, sand, and mud. These facts have led us to suggest that the diet of these mugilid fishes was mainly herbivorous and detritivorous, but a careful examination showed that plant substance is hardly digested. This observation, already reported by YASHOUV & BEN-SHAcHAR (1967) , tends to confirm ODUM 'S opinion (1968) , according to which the intestinal flora (bacteria, flagellates) acts as a secondary source of metabolites absolutely necessary for Mugilidae.
This information has prompted us to test artificial diets containing various sorts of food with different percentages of proteins. The food sources tested were either plant (yeast protein, diet D) or animal substances (egg albumin, diets A, B, E; Fish, diet C) or consisted of plant plus animal substances (diet F).
These preliminary experiments were conducted on Mugil auratus (about 400 individuals of an average standard length of 20 mm). Maximum growth rates occurred when using a food source with maximum protein content (highest content: 70 %). Table  3 and Figure 1 . In group 1 (21 ram), diets C and D (maximum protein content) result in a significantly faster growth (about twice that obtained with the other two diets). This situation reverses in group 2 (36 ram); in this group, food containing 25 °/0 proteins (diet A) is sufficient to sustain a growth rate identical to that obtained with diet B Table 3 Mugil capito. Growth rates of 2 different size groups (21 and 36 mm standard length) of starving and fed (4 diets The fact that the older fish of group 2 ( Fig. 2 ) gain only half the weight when fed diets C and D, (which are equally rich in proteins) indicates that carbohydrates are absolutely necessary at this stage, but less necessary for the younger fish of group 1. These results are in agreement with the change of diet observed in the field and probably correspond to some basic modification in the digestive capacities. Under optimum experimental conditions average weight increase during 3 weeks is twice as high in group 1 as in group 2. A biometric study, now in progress, might enable us to compare field data with these last mentioned experimental values. We may conclude that in intensive farming, which might be achieved in hatcheries, it will be necessary to use a food which is rich in proteins in the first months of the life of the mullet.
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Tests undertaken on Mugil capit 0 (average net weight of 3 g), using diets with protein contents of 25 °/0 (diet A), 45 0/0 (diet E) or 72.4 °/0 (diet B), confirm that the protein content exerts little effect on growth rates of large individuals, in spite of a slightly bigger ingestion rate. The high protein contents of diet B result in a weight increase 15 0/0 lower than those obtained with diet A but (as previously noted) this might be due to pollution of the water.
The nature of the protein incorporated in the food does not seem to have any influence on the conversion ratio (dry weight of food ingested divided by increase in body dry weight) since, at a protein content of 25 %, this coefficient is 13 for a diet with albumin (diet A), 14 with yeast protein (diet D), and 12.6 with proteins of mixed origin (diet F).
It appeared of some interest to test whether protein nitrogen might be replaced by urea in the nutrition of young fasting MugiI capito; in this regard, we follow ODUM (1968) who emphasized the use of organic compounds by the intestinal flora of adult mullets.
In ruminant mammalians, a great part of the protein nitrogen ingested can be replaced by urea. Numerous studies have shown that protein nitrogen is not absolutely necessary for the rat (ADKINS et al. 1967) or for man (HOLT 1968) : urea nitrogen can maintain normal rates of growth and of nitrogen retention. Mugil capito of an average wet weight of 800 mg were kept without food in urea solutions of increasing concentrations (2, 4 and 8 g/1 seawater). Over a period of 32 days, we recorded at 10 day intervals the average loss of weight in each batch (40 fish per 50 l) together with that of a control kept fasting in seawater without any supplements. In every case it was found that urea moderates the weight loss caused by fasting (Fig. 3) . While the reference group lost about 230/0 weight in 9 days, fish kept in water enriched with 4 g urea per litre lost merely 1.5 °/o. It is reasonable, therefore, to consider urea as an economic source of nitrogen to be incorporated in the diet of mullets. In India, urea has been used as a general fertilizer for fish ponds. Incorporating urea in pellet food for fish will be possible only aRer the difficult problem of conservation of pellet food in water has been solved.
I m p o r t a n c e o f t h e d a i l y f o o d r a t i o n
Young Mugil auratus of an average wet weight of 10 g (standard length: 10 cm) have been used to determine the most suitable quantity of food to be given to growing fish and to determine their maintenance ration, corresponding to basic metabolic rates. These fish were divided into 6 lots of 15 individuals each which were kept for 21 days at 15 ° C; 5 of these groups received different daily rations (2 to 10 °/0 of live weight) of diet A containing 25 0/0 of water, while 1 group was kept fasting during the whole test period.
The results are summarized in Table 5 . They show maximum efficiencies at intake rates of 6 g wet weight for 100 g weight (or 4.5 g dry weight). Beyond this value, it was difficult to assess the amount of food lei°c at the bottom of the tank; therefore, we consider the recorded value of 8 % quite approximate; at 10 % estimation becomes impossible. It appears that, in spite of faster growth with 8 °/0 and 10 °/0 rations, the 6 °/0 ration (1.88 Cal day) represents a convenient compromise between weight increase and food budget. The maintenance ration (nitrogen balance) appears to be about 3 °/0 of the wet weight (2.2 g dry weight for 100 g living fish) corresponding to a daily food energy intake of 0.92 Cal for a fish of 10 g under the above-mentloned experimental conditions. Additional experiments have enabled us to establish that, at a temperature of 20o C, this ration amounts to approximately 1.58 Cal. Regular observations, carried on during the whole test period, indicate that the fish became most excited when fed a ration below maintenance requirements and that this agitation resulted in general mortality about 10 days later (30 days aPcer beginning the test). It is important to know that a daily ration too small to maintain basic metabolic rates is worse than fasting; in starving individuals no mortality was observed. This fact, which has not, apparently, been noted previously, is certainly due to the necto-benthic way of life, which compels mugils to spend a lot of energy in search of food. This behaviour is reflected in a basic metabolic rate higher than that of other teleost fishes (DAviS 1968 , DAVIS & WARREN 1968 .
Conversion rates (which for Mugil auratus have been found to be low) must be established for other species in order to select optimum rates for intensive farming. Further studies are required to find foods containing proteins which have low biological values for other animals and are, therefore, low in price. It is well established that a completely assimilable diet is to be avoided in animal feeding, and that certain quantities of non-assimilable substances improve the protein conversion ratio; this phenomenon is particularly notable in herbivors. In order to examine such effects in Mugilidae, we divided specimens of Mugil auratus (ca. 6 cm standard length: average weight 4 g) into 5 groups and kept them for 6 days in running seawater (150 C). Isocaloric daily rations (0.21 Cal/g body wet weight) were offered of diet A containing various proportions of purified cellulose (0, 10, 20, 40, 60 %) . Waste products and non-ingested food were collected regularly. Table 6 Mugil auratus. Growth rate in percent average initial wet weight and food conversion rate. Table 6 it becomes evident that the cellulose unfavourably modifies the conversion rate (about 5). It seems, therefore, that the indigestible matter in the food interferes with absorption and, that in spite of the length of the digestive tract of the fish (ratio digestive tract length versus body length 3) completely assimilable food is very well utilized for growth. Further experiments are, however, necessary before definite conclusions can be reached. It may be possible, by using food composed of cellulose or inorganic compounds (diatom tests, limestone, etc.) to solve the problem of possible cellulose digestion by Mugilidae (ODuM 1968) . Such capacity is probably not very common in Mugilidae since vegetable fragments are very rarely found among their stomach contents (eg. in Mugil labeo).
I n f l u e n c e o f s a l t s
While studying the osmotic regulation in MugiI auratus, we were able to estimate the influence of a salt mixture on growth. This mixture (Tab. 7) added to diet A in the ratio 1:15, slightly favours the growth over a 9 day period of nutrition without improving the efficiency; for the amount of food ingested increases. Joint tests will have to be undertaken to find out if it will be necessary to add certain salts to the food (calcium salts, for example), and if it will be beneficial to add others (potassium salts). These tests will be all the more necessary as the farming of these fishes takes place in more or less dilute seawater.
I n f l u e n c e o f s a l i n i t y Previous studies have shown that thyroid activity in Mugil auratus varies according to the ambient salinity. The variation curve shows two peaks of activity for salinities of 5 and 20 %0; intermediate salinity of 12 %0 causes hypothyroid activity. In order to relate the efficiency of a given diet with thyroid activity, we fed diet A (at a rate of 5 % live weight daily to young M. auratus (average wet weight 5 g) divided into 4 lots of about 30 individuals each. These were kept 11 days at 160 C in salinities of 5, i2, 20 or 37.5 %o. The refuse was recovered aflter 3 h feeding.
Under the same experimental conditions as those previously noted the maintenance ration was about 3.3 g dry weight for 100 g living fish (Tab. 8) (0.73 Cal for a 5 g fish). The increase of 50 °/0, compared with earlier experiments is, no doubt, connected with the lower average weight of these fish (5 g instead of 10 g). It is clear that a ration around the maintenance ration in 37.5 %o S allows good growth at 20 %0 and 12 %0 S; an even more important gain of energy at 5 %o S cannot prevent a 6.2 % weight loss. In 12 °/00 S, the high mortality reveals a lack of physiological equilibrium (Fig. 4) . Moreover, two different states of thyroid activity (at 12 %0 and 20 %.0 S) are associated with two different rates of growth and two closely similar conversion efficiencies; which again illustrates the problem of the effect of the thyroid gland on the growth of fish.
It would be interesting and practical to rear Mugil auratus (and probably many others) in a medium with half the salinity of seawater (minimum mortality: maximum In the near future, complementary tests to evaluate the influence of each salt and its relative concentration, will be undertaken. This study, complemented by physiological research, should be done for each fish species whose farming is considered desirable, so as to determine optimum environmental conditions for cultivation. 
